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FOREWORD 


I 

The  research  work  reported  herein  was  conducted  by  Prof. 
Dr.  Waloddi  Weibull,  Avenue  d'Albigny,  9 bis,  74000  Annecy, 
France,  under  USAF  Contract  No.  F44620-73-C-0066.  This  con- 
tract, which  was  initiated  under  Project  No.  7351,  "Metallic 
Materials",  Task  735106,  "Behavior  of  Metals”,  was  administer- 
ed by  the  European  Office  of  Aerospace  Research.  The  work 
was  monitored  by  the  Metals  and  Ceramics  Division,  Air  Force 
Materials  Laboratory,  Air  Force  Systems  Command,  Wright-Pat- 
terson  Air  Force  Base,  Ohio  45433,  under  the  direction  of  Mr. 
W.  J.  Trapp,  AFML/LL. 

This  report  covers  work  conducted  during  the  period  15 
January  1974  to  15  February  1974.  The  manuscript  was  submit- 
ted by  the  author  for  publication  in  March  1974. 
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1 . INTRODUCTION 


The  first  step  in  'he  procedure  of  statistically  analysing  a given 
group  of  test  data  should  always  be  to  state  the  homogeneity  of  the  group, 
that  is,  to  test  the  hypothesis  H that  all  the  elements  of  the  sample  be- 
long to  one  and  the  same  population.  The  importance  of  this  advice  may  be 
emphasized  by  the  fact  that  64  of  the  112  here  examined  samples  were  re- 
jected due  to  lacking  homogeneity. 

Several  such  tests  have  been  proposed.  The  scope  of  the  present  in- 
vestigation was  to  study  the  discrimination  power  of  three  of  them  by  ap- 
plying them  to  a large  number  of  groups  of  fatigue  performance  data  taken 
from  a very  extensive  collection  performed  at  the  Boeing  Company.  Data  for 
2,000  groups  representing  11,000  specimens  have  been  collected  and  present- 
ed by  Whittaker  and  Besuner  (1) . All  complete  samples  of  sizes  from  ten  to 
twenty,  being  in  total  112  samples  representing  2,095  specimens,  were  taken 
out  and  examined.  The  numbers  of  kilocycles  to  failure  are  listed  in  Table 

1,  which  also  contains  an  11-  digit  data  coding  number,  cataloging  the  var- 
iables of  specimen  thickness,  material,  grain  direction,  type  of  structures, 
type  of  specimen,  finish,  type  of  loading  and  type  of  failure.  The  data  co- 
ding system  is  presented  in  Table  3.  A list  of  references  to  the  Boeing 
items  is  given  in  Table  4. 

The  three  methods  of  testing  homogeneity,  which  have  been  studied,  are 
denoted  by  MLE,  0MLE  and  TI  and  are  described  in  the  following  sections. 

[ ' 

2.  THE  MLE  METHOD 

The  symbol  MLE  stands  for  "maximum  likelihood  estimation".  This  class- 
ical method  is  known  to  have  maximum  efficiency.  It  has  recently  been  shown 
(2)  to  have  also  maximum  reliability. 

In  the  case  of  three  unknown  parameters  (m,x  ,x  ),  the  estimate  is  any 
point  (m,£  ,£  ) in  the  parameter  space  at  which  tHe  2ikelihood  function 
L(m,x  ,x  ) of  the  sample  (x^)  is  a maximum.  This  point  is  obtained  as  a so- 
lution o?  the  likelihood  equations 

3L/3m  = 0,  3L/3x  = 0,  3L/3x  = 0 (1) 

u o 

For  physical  and  technological  reasons,  the  parameter  space  has  to  be 
restricted  by  the  conditions 

m > 1.0,  0<x<  min  x.  (2) 

— — u =*  i 
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If  no  solution  of  the  likelihood  equations  (1)  exists  which  satisfies 
the  conditions  (2),  then  the  hypothesis  will  be  rejected. 

For  the  numerical  computation  of  the  estimates  it  has  for  several  rea- 
sons been  found  more  convenient,  instead  of  solving  for  the  conditions  in 
(2),  to  compute  the  value  of 


L*(m,x  ) " log  L(m,x  ,11  ) 
u u o 


(3) 


Where  x is  obtained  from  the  likelihood  equation  31ogL/3x  « 0,  for  an 
appropriate  set  of  (m,x  ) and  to  select  the  particular  paiil  (ft,#  ) which 
maximizes  L*. 

This  procedure  is  performed  by  use  of  Program  6/73  which  computes  the 
values  of  L*  for  the  ten  values  a - 1/m  ■ 0.1(0. 1)1.0  and  the  twelve  values 
x - x • (i/10),  (i  - 0(1)10)  and  x^  ■ 0.99x^,  and  then,  by  interpolation, 
tKe  pair  (S,x  ) which  maximizes  L*V  The  computing  time  for  a sample  of 
size  N - 10  iU  about  0.6  seconds  per  sample  by  use  of  the  computer  IBM  360, 

M 75.  It  has  been  shown  by  McCool  (3)  and  by  Antle  and  Klimko  (4)  that,  for 
a given  x^,  this  estimate  always  exists  and  is  unique. 

The  hypothesis  Hq  is  rejected  if  a > 1.0,  that  is,  m<  1.0  or  x^  < 0. 

The  results  are  presented  in  Table  2 under  the  caption  MLE,  Program 

6/73. 

It  may  be  of  interest  to  compare  these  estimates  m with  those  present- 
ed by  Whittaker  and  Besuner  (1)  which  are  obtained  under  the  assumption  that 
x ”0,  and  listed  also  in  Table  2 under  the  caption  Boeing,  m.  This  assum- 
ption is  believed  to  be  unrealistic  and  explains  the  great  deviations  from 
the  estimates  presented  under  the  caption  MLE  Program  6/73.  The  numbers 
under  the  caption  Boeing,  nr,  indicate  the  number  of  order  statistics  ac- 
tually used  for  computation  of  the  Boeing  estimates  m.  The  sample  size  re- 
duction is  due  to  the  omission  of  high-time  outliers  and  may  be  taken  as  an 
indication  of  lacking  homogeneity  of  the  sample. 

3.  THE  OMLE  METHOD 

This  method  is  based  on  the  quotients  s of  the  order  statistics  x , 
defined  by 

Si  " <Xi  " Xu)/(XN  “ V (4) 

It  is  evident  that  these  quotients  are  independent  of  the  parameter 


L 


XQ.  Formulas  for  the  density  functions  f(s1;m,x  ) have  been  developed. 
Estimates  are  taken  for  which  the  particular  values  (fn,k  ) maximize  the 
product  of  the  density  functions  f(si;m,x  ).  (It  shouldUbe  noted  that 
this  product  is  not  strictly  identical  wi^h  the  likelihood  function  of 
the  sample  (s^)). 

The  numerical  calculations  are  performed  by  use  of  the  Program  14/73. 
The  computing  time  for  a sample  of  size  N ■ 10  is  about  0.3  seconds  per  sam- 
ple by  use  of  the  computer  IBM  360,  M 75.  The  hypothesis  H is  rejected, 
if  the  estimates  do  not  satisfy  the  conditions  in  (2).  The°results  are 
presented  in  Table  2 under  the  caption  OMLE  Program  14/73. 


4.  THE  TI  METHOD 


This  method  is  based  on  the  concept  of  pseudo-standardized  variables, 
as  fully  described  in  an  AFML  Technical  Report  (5).  The  variable 


“ (xt  - Xj)/(xN  - Xj)  (5) 

is  independent  of  the  parameters  x and  x . Its  percentiles  of  the  orders 
5%  and  95%  have  been  determined  by  use  of  Monte-Carlo  studies.  These  va- 
lues are  used  as  the  limits  of  the  acceptance  regions.  If  any  one  of  the 
order  statistics  t^  falls  outside  this  region,  the  hypothesis  is  reject- 
ed. The  results  are  presented  in  Table  2 under  the  caption  Tl/m  > 1.0. 

This  method  may  also  be  used  for  testing  the  hypothesis  that  the  sam- 
pling is  drawn  from  a normal  population.  The  results  are  given  in  the  coA 
lumn  with  the  caption  TI  a><.  The  three-digit  numbers  indicate  the  number 
of  order  statistics  falling  within,  above  and  below  the  acceptance  region. 
Consequently,  only  samples  having  a number  800  or  18.0.0  are  accepted.  (The 
regions  for  N *■  11,  12,  13,  14,  15  are  not  known). 


5.  RESULTS  AND  CONCLUSIONS 

The  estimates  of  MLE  and  OMLE  and  the  coding  numbers  of  TI,  m > 1.0 
are  presented  in  Table  2,  where  the  column  with  the  caption  TI  a><  corres- 
ponds to  the  hypothesis  that  the  sample  is  drawn  from  a normal  population. 

A summary  of  the  three  tests  is  presented  in  Table  5,  which  indicates 
that  the  MLE  test  is  sharper  than  the  OMLE  and  TI  tests. 


3 


REFERENCES 


1.  Whittaker,  I.  C.  and  Besuner,  P.  M. , "A  Reliability  Analysis  Ap- 
proach to  Fatigue  Life  Variability  of  Aircraft  Structures".  AFML-TR- 
69-65,  April  1969. 

2.  Weibull,  W.,  "The  Concept  of  Maximum  Reliability  Selection  of  Un- 
known Distribution  Parameters",  AFML-TR-77-170,  September  1977. 

3.  McCool,  J.  I.,  "Inferences  on  Weibull  Percentiles  and  Shape  Para- 
meters from  Maximum  Likelihood  Estimates",  IEEE  Transaction  on  Relia- 
bility, R-19,  2-9,  1970. 

4.  Antle,  C.  E.  and  Klimko,  L.  A.,  "Choice  of  Model  for  Reliability 
Studies  and  Related  Topics  II",  RRL-73-0121,  October  1973. 

5.  Weibull,  W.,  "The  Concept  of  Pseudo-standardized  Variables  and 
Its  Use  As  Elements  of  Shape  Operators".  AFML-TR-73-98,  July  1973. 


4 


Ref.  4 
Item  I 


Data  Coding  Number:  300  06  85  58  30 


Number  o 

15  18 

if  kilo 

18 

cycles 

18 

to  ta 

20 

iiure 

20 

22 

24 

26 

28 

89 

114 

121 

135 

141 

146 

159 

161 

163 

171 

334 

652 

689 

782 

885 

1056 

1069 

1110 

1114 

1437 

643 

714 

988 

1089 

1152 

1465 

1563 

1771 

1941 

2481 

317 

597 

650 

734 

745 

835 

840 

846 

899 

1224 

378 

391 

496 

513 

600 

687 

1013 

1074 

1161 

1483 

606 

665 

667 

824 

842 

996 

1057 

1133 

1943 

2505 

141 

k42 

156 

168 

169 

328 

383 

498 

505 

698 

217 

252 

258 

306 

328 

368 

391 

439 

468 

659 

185 

252 

263 

353 

405 

543 

567 

587 

651 

704 

210 

225 

259 

263 

275 

317 

339 

516 

811 

838 

110 

113 

120 

138 

254 

272 

300 

320 

422 

434 

223 

242 

261 

272 

276 

316 

323 

323 

378 

386 

2224 

2464 

2482 

2706 

2766 

2882 

3098 

3650 

4162 

4223 

12090 

13093 

13206 

13631 

16536 

17867 

22119 

23178 

29890 

50278 

3312 

5200 

6594 

9014 

12231 

19260 

19670 

23186 

24456 

24574 

18540 

18783 

22354 

28510 

35247 

39360 

40983 

47717 

56163 

64429 

597 

1330 

1704 

2028 

2879 

3138 

3302 

4026 

4666 

6787 

2668 

3442 

3903 

4334 

4664 

5338 

5447 

5614 

5656 

5864 

876 

1156 

1451 

1806 

2021 

2061 

2248 

2569 

2899 

3929 

1190 

1360 

1389 

1555 

2057 

2632 

5830 

5920 

7684 

13731 

3560 

3832 

6092 

6785 

7246 

14090 

15438 

21517 

28810 

30764 

1526 

1673 

1997 

2100 

2599 

2599 

2828 

3610 

4226 

5343 

1778 

3092 

3121 

3628 

4545 

5208 

7605 

8118 

9870 

11716 

1924 

4124 

5231 

5466 

5592 

6210 

6882 

7680 

8076 

10114 

481 

740 

833 

1224 

2041 

2414 

3441 

4260 

4371 

5776 

540 

1255 

1302 

1442 

1497 

1801 

1879 

2197 

2679 

4097 

772 

860 

928 

932 

1035 

1049 

1051 

2316 

2340 

2403 

938 

969 

1592 

1845 

1875 

1915 

1940 

2235 

3008 

6758 

377 

425 

445 

483 

523 

606 

1032 

1167 

1258 

2002 

2616 

2616 

- 

- 

- 

- 

- 

- 

- 

- 

19082 

33740 

63674 

89681 

90265 

100725 

106542 

117843 

118000 

270169 

317912 

- 

- 

- 

- 

- 

- 

- 

- 

1158 

1304 

1505 

1544 

1555 

2225 

2467 

2709 

3139 

3835 

4972 

- 

- 

- 

- 

- 

- 

- 

- 

- 

393 

699 

776 

786 

792 

886 

1187 

1190 

1220 

1349 

1370 

1474 

1510 

1595 

1693 

1726 

1792 

1796 

2242 

4700 

2292 

3993 

4013 

4130 

4570 

4801 

5093 

5170 

5343 

6257 

6521 

6957 

7331 

7422 

7576 

8236 

8239 

11864 

12493 

17528 

6 


Ref.  7 


CONTINUED 


Data  Codina  Number 


26.5 

33.2 

36.7 

37.3 

38.1 

39.5 

41.0 

41.8 

A3. 8 

47.9 

52.6 

53.1 

- 

- 

- 

- 

- 

- 

- 

- 

23.5 

41.8 

43.3 

43.3 

47.2 

53.1 

58.5 

61.4 

69.9 

83.1 

84.7 

85.3 

- 

- 

- 

- 

- 

- 

- 

- 

45.7 

52.3 

75.0 

75.1 

88.4 

101.9 

115.2 

118.8 

121.7 

127.5 

148.3 

201.4 

- 

- 

- 

- 

- 

- 

- 

- 

126.6 

175.1 

207.0 

241.5 

269.5 

275.7 

299.1 

311.1 

367.6 

460.9 

523.4 

526.1 

766.7 

- 

- 

- 

- 

- 

- 

- 

170 

390 

564 

714 

814 

867 

1108 

1186 

1274 

2080 

2505 

2542 

2674 

- 

- 

- 

- 

- 

- 

- 

418 

747 

924 

980 

1512 

1968 

2062 

2180 

2483 

3964 

4062 

4229 

- 

- 

- 

— 

- 

- 

- 

— 

20  D< 

ita  Codi 

na  Number 

■:  031 

02  02  1 

m 

53 

61 

67 

67 

70 

71 

73 

76 

79 

90 

184 

199 

202 

207 

207 

234 

246 

255 

273 

282 

457 

498 

585 

592 

608 

641 

663 

667 

802 

11730 

1239 

1345 

1519 

1574 

1628 

1883 

1954 

2602 

3962 

5847 

m 1 

3629 

3695 

Hal 

4282 

7045 

17413 

48779 

57380 

Ref.  7 


121  122 

774  790 

1041  1070  1 


Data  Codina  Numbe 


1272 

133 

115 

1367 

135 

115 

139 

157 

953 

1004 

1516 

1664 

TABLE  2.  MAXIMUM  LIKELIHOOD  ESTIMATES  AND  TI  TESTS 


r 

MLE 

Program  6/73 

OMLF  Program  14/73 

TI 

Boeing 

TI 

L 

m 

X 

u 

X 

o 

m 

X 

u 

a>< 

nr 

m 

n^l.O 

Ref. 

1 

Data 

Coding  Number: 

040  10 

86  00  50 

[ 459 

I 

1.287 

2.4 

0.8 

1.193 

228.0 

602 

10 

6.298 

800  I 

Ref. 

3 

Data 

Coding  Number: 

300  12 

85  58  30 

651 

<1.0 

- 

- 

.890 

179.0 

10 

3.308 

800 

652 

<1.0 

- 

- 

.683 

319.0 

206 

8 

3.885 

602 

930 

<1.0 

- 

- 

.642 

902.0 

107 

5 

2.000 

602 

653 

<1.0 

- 

- 

.941 

454.2 

- 

10 

2.474 

- 

Ref.  3 

Data  Coding  Number: 

300  12  86  58  30 

44 

<1.0 

- 

- 

.355 

70.0 

008 

5 

14.353 

008 

45 

<1.0 

- 

- 

.362 

82.0 

008 

8 

2.004 

008 

46 

2.340 

6.6 

2.2 

4.345 

5.6 

800 

10 

9.847 

800 

47 

1.000 

15.4 

1.4 

1.324 

15.4 

701 

10 

13.108 

800 

48 

<1.0 

- 

- 

.591 

40.0 

008 

9 

6.350 

305 

49 

<1.0 

- 

- 

.421 

121.0 

008 

9 

1.153 

008 

50 

- 

<0 

- 

- 

<0 

701 

10 

1.585 

800 

51 

<1.0 

- 

- 

- 

<0 

701 

10 

3.892 

701 

52 

<1.0 

- 

- 

.607 

29.0 

008 

6 

4.585 

107 

53 

<1.0 

- 

- 

- 

<0 

701 

10 

2.272 

800 

54 

1.000 

799.0 

256.9 

3.616 

437.0 

611 

10 

4.810 

800 

323 

<1.0 

- 

- 

.558 

340.0 

008 

6 

1.796 

404 

324 

<1.0 

- 

- 

1.188 

10508.2 

404 

10 

2.589 

800 

327 

<1.0 

- 

- 

1.099 

242.0 

305 

10 

1.236 

800 

328 

<1.0 

- 

- 

.452 

1289.0 

008 

6 

2.772 

008 

331 

2.091 

586.8 

970.1 

1.733 

735.0 

701 

10 

3.185 

800 

549 

1.523 

704.5 

537.8 

1.468 

743.4 

800 

10 

3.545 

800 

548 

1.711 

1515.9 

457.8 

1.621 

1554.4 

- 

14 

7.321 

- 

407 

1.899 

161.4 

58.9 

1.775 

164.4 

- 

15 

7.006 

- 

10 


■ i 


MLE 

Program  6/73 

OMLE  Program  14/73 

TI 

Boeing 

Tl 

m 

X 

u 

X 

o 

m 

X 

u 

a>< 

nr 

m 

m^l  .0 

Ref. 

Data 

Godina 

Number: 

300  06 

15  58  30 

3650 

1.784 

14.1 

7.6 

1.7912 

15.0 

800 

10 

5.2461 

800 

3651 

- 

<0 

- 

- 

<0 

710 

10 

6.6583 

800 

3653 

- 

<0 

- 

2.5585 

334.0 

800 

6 

5.7456 

800 

3654 

<1.0 

- 

- 

1.5959 

558.5 

800 

10 

3.1900 

800 

3655 

3.640 

32.6 

814.0 

2.3376 

317.0 

800 

10 

2.4843 

800 

3656 

<1.0 

- 

- 

1.4039 

322.8 

404 

10 

2.1432 

800 

3657 

<1.0 

- 

- 

.8220 

606.0 

206 

8 

4.5759 

800 

3658 

<1.0 

- 

- 

1.3762 

78.5 

404 

5 

12.5834 

602 

3659 

<1.0 

- 

- 

1.2185 

217.0 

701 

10 

2.8079 

800 

3660 

2.065 

110.5 

384.5 

- 

<0 

800 

10 

2.6689 

800 

3661 

<1.0 

- 

- 

.8623 

210.0 

404 

7 

5.9897 

800 

3662 

<1.0 

- 

- 

- 

0 

503 

10 

2.0829 

800 

3663 

1.645 

213.6 

96.2 

2.0096 

214.7 

800 

10 

5.7126 

800 

3922 

<1.0 

- 

- 

1.485 

2244.0 

800 

10 

4.3511 

800 

3923 

<1.0 

- 

- 

.754 

12090.0 

107 

10 

3.001 

800 

3927 

<1.0 

- 

- 

- 

<0 

620 

10 

1.753 

800 

3928 

<1.0 

- 

- 

1.851 

12281.4 

701 

10 

2.487 

800 

3929 

1.540 

364.2 

2967.8 

1.486 

597.0 

800 

10 

1.687 

800 

3930 

<1.0 

- 

- 

- 

*0 

620 

10 

5.298 

800 

3931 

1.591 

741.3 

1509.9 

1.514 

876.0 

800 

10 

2.425 

800 

3932 

<1.0 

- 

- 

.734 

1190.0 

305 

6 

3.016 

800 

3933 

<1.0 

- 

- 

1.339 

2340.4 

503 

5 

3.592 

800 

3934 

<1.0 

- 

- 

1.154 

1526.0 

602 

10 

2.400 

800 

3935 

<1.0 

- 

- 

1.520 

1733.0 

800 

10 

1.830 

800 

3936 

- 

<0 

- 

2.362 

1924.0 

800 

10 

2.877 

800 

3937 

<1.0 

- 

- 

- 

<0 

602 

10 

1.352 

800 

3938 

1.595 

413.9 

1617.3 

1.443 

540.0 

602 

10 

1.952 

800 

3939 

<1.0 

- 

- 

- 

<0 

314 

10 

2.076 

800 

3940 

<1.0 

- 

- 

.832 

938.0 

206 

9 

3 . 000 

800 

3652 

<1.0 

- 

- 

.822 

377.0 

- 

6 

5.746 

- 

3924 

<1.0 

- 

- 

1.164 

19082.0 

- 

9 

2.457 

- 

3926 

<1.0 

- 

- 

1.082 

1158.0 

• 

11 

2.064 

- 

3920 

1.355 

363.7 

1196.1 

1.095 

393.0 

206 

19 

2.9J3 

- 

3921 

1.623 

2092.3 

5420.1 

1.280 

2292.0 

5013 

20 

2.027 

- 

Ref.  73  Data  Coding  Number 


031  02  02  10  10 
7967 
<0 


701 

10 

4.440 

701 

440 

10 

12.784 

800 

17.0.1 

20 

7.047 

18.0.0 

16.0.2 

20 

4.116 

18.0.0 

2 


Ref.  36  Data  Coding  Number:  040  02  81  20  10 
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TABLE  2.  (CONTINUED 


MLE  Program  6/73  OMLE  Program  14/73  TI 


m x 


Boeln 


nr 


Ref.  72  Data  Coding  Number:  000  10  80 


1200  1 <1.0  - - - <0  314 


Ref.  72  Data  Codine  Number:  000  01  80  60  10 


Ref.  73  Data  Coding  Number:  031  02  02  10  70 


2.309 

0.09 

0.04 

2.133 

0.10 

800 

L0  7.318 

800 

<1.0 

- 

- 

0.746 

0.06 

107 

L0  3.268 

701 

1.000 

0.08 

0.03 

1.192 

0.08 

404 

L0  3.723 

800 

- 

<0 

- 

4.678 

0.05 

800 

L0  8.309 

800 

2.655 

0.06 

0.08 

2.074 

0.08 

800 

L0  4.629 

800 

1.000 

0.06 

0.03 

2.211 

0.04 

- 

L3  3.860 

Data  Coding  Number:  031  02 


<1.0  - - 1.356 

3.557  0.05  0.08  4.042 

<0 


0.08 

tw 

10 

3.692 

800 

0.05 

10 

5.847 

800 

<0 

530 

10 

4.708 

800 

♦ 


(three  digits) 


Thickness  of  Minimum 
or  Fractured  Material 
or  Specimen  Diameter 
_ 3 

(10  in.) 

000  - Thickness  jnot 

known  or  variable 


MATERIALS : 

(two  digits) 

01  - 2024-T3  Bare 

02  - 2024-T3  Clad 
06  - 2024-T4  EXTR 

10  - 7075-T6  Bare 

11  - 7075-T6  Clad 

12  - 7075-T6  EXTR 

33  - D.T.D.546B  Clad 


GRAIN  DIRECTION: 


0  - Not  known 
8 - Longitudinal 


TYPE  OF  STRUCTURE: 

1 - Butt  joint 

2 - Lap  joint 

5 - Monolithic  unnotched 

6 - Monolithic  notched 

8 - Structural  components 
and  full-scale  struc- 


0 - Open  holes 

1 - Riveted 

2 - Spotwelded 

5 - Edge-Notched 

6 - Pin-connected 

— FINISH: 

0 - Normal 
8 - Others 


- TYPE  OF  LOADING: 


0 - Axial  (comp .-comp . ) 

1 - Axial  (other  types) 

2 - Bending  flexural 

3 - Bending  rotating  beam 

5 - Spectrum  (random) 

6 - Spectrum  (decreasing  stress 

amplitude) 

7 - Spectrum  (increasing) 

8 - Spectrum  (up  & down  stress) 


■TESTING  PECULIARITIES: 

0 - Normal  complete  failure 

1 - First  crack 
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